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(54) OXIDATION OF ETHERS 

(57) Abstract: 

PROBLEM TO BE SOLVED: To directly and efficiently 
produce a corresponding oxide (ester or add anhydride) 
from an ether in high conversion and selectivity by 
bringing an ether into contact with oxygen in the 
presence of an oxidation catalyst constituted with a 
specific imide compound. 

SOLUTION: In the presence of an oxidation catalyst 
comprising an imide of the formula (R'" and are each 
H, a halogen, an alkyl. an aryl, etc., R'' and R^ may link 
to each other to form a double bond or a ring; X is 
oxygen or hydroxyl; n is 1-3) or a mixture thereof with 
a cocatalyst (for example, an oxide, an organic acid 
salt, an inorganic acid salt, a halide, a complex and 
heteropolyacid of ti-ansition metal compound), an acyclic 
ether or a nonaromatic cyclic ether is brought into 
contact with oxygen in an organic solvent inactive to 
the reaction, at 0-300X, preferably 30-250°C for 30 
minutes to 48 hours, preferably for 2-24 hours to oxide 
the ether to the objective compound. 
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■r^^ii^Rii 1 x(^2EKcD^fb>5ffio 
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^n^-r ^ FMb^#i-e^j5S;^nfc^>fbft^«cD^?fiET. x 

-5^;V^<h^^t^^M^1t^:i(h{r<i:DX"^Jl.^,^ 

m^^mit^^ mxit. mitm. ^mm^^ mmm 

[0 0 0 8] ii^mn(0^mx\^. tulBftfei^(7D^¥fiT. X 

[0 0 0 9] u^. *0^ffl«tc:fei^T rx-^;i.^j ^ 

hU. mt^x-^;i/{c:I!g^T^^:^x-T-;i't)^<?f. 
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SfcfS, m^iifi. ^-^Jl. :x.^)l. yntf;U. -fvyn 
;k ^>-^;i.. ^^i^ji. ^zf^)]^. :tC7^)i^. 

[0 0 11] 7U-;bS(ctd:, y^-jm. i-y^)im 
t-T'h^^v-. ^>^)V:t^>^. ^^i^Jl:t^>^m 

x;L^. -ryyh^^>^:^;b7j^*-;l.. t 

0 0 



* coo 1 3] 7->;UStLTtt. = y 

[0 0 14] H5l2M^aR' ;feJ;Z/R' «. Xttg 
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1, 2, 3. 4 -->^7 D^^1t>7^ h^*;l^4^> 
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[0 0 2 1] mwM^^m(o5x:mt\.xu.. m^^^i^ m 

OL.yo:>^^ ^>5'>La, irU^ACe. "tJ-VU'^A 

T^^y-fFTCPg) , 4A:K^^ (5"^>Ti, >^;V3 
zl^KZt. ;\^-^h.HiUE) . 5A^7C^ (/^^:^ 
zyOKN. --^^nh. i^yi^)lT aUE) . 6 AMtc 
m C^nACr. ^ 'J "7*7^' > M o . ^ > 5^ >W/^ 

l/:z^ARe;^j:^*) . smitm (^Fe. ;i/7"-'::7AR 

'J>?'i7A I r, -y^)lN i . A"^v»^APd, S^P 
t T^j:^) . 1 B^^^ (mCu. ^Ag, ^AuU 
<H) . 2B;^7C^ mmzn. ti \^^'yj^Cdrj:E) U 50 
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[0 0 2 2] 0^i.\^^mmm^m^-r^7T:m\z{t.. 
^=f'j^YimuE(Dmm^'^Am7m. ti. zxu 

EcOAAmitm. V, nhUE<D^ Am7zm> Cr, m 
o. Wfj:£(7)6 AS^TC^, Mn. Tc. ReUE<D7 A 
miLm. Fe> Ru, Co, Rh, N \ UEcOSmyt 

m. cuf^EcDiBmTtm) . BUE<D3Bm7cm^^^ 

p;g^n-r> Tcmoymmjzft^ux. m^it. o, +2, + 
3, +4, +5. ^'6UEx$>'oxh^iK mmmtv 

[0 0 2 3] mmm^. ^mmi^. 7i^mtmtj:iix^^ 

[0 0 2 4] ^Tz. :^Omit^^ti.X\t. MtlU. * 
^^fkTi^^^ m^li. 4^^>, >?3}^^>. 5^F^4-'^ 

^^om-^y^yt^E) > B2 03 n.E(D:^'ymmi\^^. 
it^^if>> #^-tf>. ^"y^jy. ^^m'7^)r. ^-^m 
^ ^YUE(Dmmi\L'^^. BF3 , BCI3 . 5"h^:7 

[0 0 2 5] *^fb^^tCti, ^Jx.tf> Mn (OH) 2 , 
MnO (OH) , Fe (OH) 2 , Fe (OH) 3 UE 

f)^^^n^. ^mmitm\z\'X. ^j^t^, sm^ 03 . t 

1 O2 > Z r O2 > V2 O3 > V2 Os . C r O. C r 
2 O3 . M0O3 . MnO> Mn3 O4 . Mn2 O3 . 
Mn02 , Mnz O7 . F e O, Fez O3 > Fe304 

. R u O2 > RUO4 , CoO, C0O2 . C02 O3 
, R h O2 , R h2 O3 > C U2 O3 tl^Eff^^tv. 

mi\L^^ti\'xmm^mE\^x\t. m^^t. mhais o 

4 , MnTiOa > LaMn03 > K2 Mn? Os , C 
aO-xMn02 (x==0. 5. 1, 2, 3, 5).V 
y^ym^ Nas Mn04. Bas (Mn04 

) 2 UE(D'^yi3yW K2 Mn04 , Na2 

Mn04 , BaMn04 UE(D^ y^ y KM 
n O4 , NaMn04 , L i M n O4 . NH4 MnO 
4 . CsMnO* . AgMn04 . Ca (M n O4 ) 

2 . Zn (Mn04 ) 2 . Ba (M n O4 ) 2 > Mg 
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(Mn04 ) 2 . Cd (Mn04 ) 2 U E(f>'^-^ > ■» y 
[ 0 0 2 6] ^^Kifit LTfS. m7.\t. m^^n)], 

e^. T i Zr«. V:S. C r J^, MoJ^, Fe 
Ru^. NiJ^, Pd^. Cu^. Znm^Ef)m 

^'y^t^iil^Xlt. m^l:£. SmCla . SmC]2 > 
TiCl2 . 2rCl2 . ZrOCl2 . VCI3 . V 
OCI2 . MnCl2 , MnCla , FeCl2 . Fe 
CI3 . RUCI3 . C0CI2 . RhCl2 . RhC 
l3.NiCl2,PdCl2.PtCl2,CuC 20 
U CUCI2 ts:EO)m^t^^. :in^\ZMj:B-r^y^y 

Tz > MnFa . F e F2 . F e F3 . FeBr2 , F 
e B r 3 . F e I 2 . C u B r , C u B r 2 UE) t^E 
(DJ\tiyyit^^ M> MnCl3 , M»2MnCl4 . M 
»2Mn C 1 s , M^zMn C I 6 (M^ ffi^S^^ 

T) f^E<D^/\u^*yi\imf^Ei3m\i^n^^ 

[0 0 2 7] ig^^?^J5^-r^iEfe^chLTt^, OH (t 
Fn^^y) . ^h^y. x,h^y. yp/j^^^v^, >^h^ 
y^UE(D7 )VZ2^ym^ 7^1^}V (OAc) . :/Db" 30 

h) . J^h^zyi3)V:^^-)VUE(DT)Vu^yi:))\,:^z:.}V 

y^^Jiy-^h-r h (AA) , y^a^y^-yjL- 

^m. ^my3iE<D/\a^^ym^. co. cn, ^ 

mJM^. H2 o , Ahx:7^> hOy 

ji-ji^y.y^y/j:E(DhOY0—JV-ii^xy^y) rji^ 
(D^jyjt^^. NH3 (T>^» . NO, NO2 (- 
hn) . NO3 (-K^h) , x^i/>i/y^>, >?x 

X. mm:^^tmmmm'¥'\t-mx\t~mi;i±mi^i.x 
^^xh^i^\ »S H/^i2{4T(c(5. m^U. OH. 
ri^ym. yyjvs. yji:n:^ytiju:!f-~)im. Yiz^ 
JiT-^h-rh. /\ayymT. CO. CN, H2 o iy 

H3 , NO2 . NO3 ^-^ibx-^m-^^it^m^^^^ti 

[0 0 2 8] B^i.l^$^mz\t. mflBffS Ll/^M^^M 




8 

-tr^;U7-tr (^JAif, Ce, Sm, Ti. Z 

r, V, Cr, Mo. Mn. Fe. Ru. Co, Ni. 

Cu. z nf^E(Dy^^)\,y'\Lh-rhm^^. 

J-tr^^Uy-t h:^ Mg^T i O (AA) 2 . i^^H3-;U 
7-fe^;i/7-fe: h± Mg^^Z r O (AA) 2 . n-j-i^JlY 
"t^Jl^y^hi-h^WVO (A A) 2 . 
jvmwpy^u^y^zyji-jvmi^ (^JAti, hU;^;i/ 
:^-;U>'^^D^>i$^yx-;Uv>:tf > (i) , t:X->^ 
D-^>5^S/*x-;i.v>;^/> (H) . h:;:^>'^D^>^>* 
xx;uife (II) . Fe (CO) s . Fe2 (CO) 9 . 
Fe3 (CO) .2/^^') . -huyjVit^m mPL\t. 
Fe (NO) 4 . Fe (CO) 2 (NO) 2 7^^*) . 5^ 

;^>5"^>'7:^^, w<'^:^yyi-hUE) . y-^^ji^ 

mmi^)U:j-J\^Z r O (OAc) 2 . P^^^x 
JVTiO (OAc) 2 . g^KyK:^>^*;UVO (OAc) 2 

[0 0 2 9] jj^u^ti. mx.it. mmmsm:z\^6m7t 
m. mz^ii. V O^^i-yym , Mo (^u:/^>^) 

^i)^^<. ^'L-m'f-\^mzm^^n~r. ^j^t^. Be. 

B. Al. Si. Ge. Sn. Ti. Zr. Th. N. 
P. As. S b. V. Nb. Ta. Cr. Mo. W. 
S. Se. Te. Mn. I. Fe. Co. Ni, Rh. 
Os. I r. Pt. Cuf^EX$>-DX^X\^^. ^^yui^ 
U^cD^^MiLTH. m^\i. Z2n)vh'e^)yr^y 
^n)Vh^y^y.^ym. =eu^^y^ y^y^^y 
'^yiiy'E^)f^ym. -^y^y^y^y.Y-ym. 
'^yijy'^'j'^'T'y^ycfy.'T-ym. 

'^>i5yn±y^L.^^)~:ry'y^^ ^yiJyn-r 
K^uyK'J>g^. n±yr^i:^^y)y^y^^ n±y^ 
i^^y^y.'rym. ^-rt 'j:/5^>g^. i^y^y.^ 
ym. u>^'jy^>K. u>37>^x^>g^. gwx* 

[0 0 3 0] tuie^ (1) T^^n-s-f ^ Kit^^^. 3?: 

I^Mfi. 1 0 OSaSBtc^^LT. SfflBS (i) 
^n^-f 5 hMb^i^O. l-SOSMSB. »^U<{1 
0. S-SOfiSaK. $^(cJff^L<m-2 OfiSgg 

liSTfe^. ^fc. itjM^cofijtsti. fflft^i 0 omm 

U\Z^iLX. 0. 1-3 Ofifigg. W^L<tiO. 5~ 

2 5asgB. ^b{r»^L<m ~2 oaasss^T^ 
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[0 0 3 1] sfri2-^^ (1) TS^n^-r ^ 

i^ji/{cMbTO. ooi^:;i/(o. 

;i/ (1 0 o^:;u%) , J?^L<{io. ooi^;i'(o. 

1^)1%) —0. 5^;l/ (5 0^Jl'%) . ^bfcJff^U 
<H0. 0 1-0. 3 0 ^JW^^TS^D, 0. 0 1- 

0. 2 5^;i/ie^Tfe^^^;ii^^i^c ^/c> wimm 

^LTO. oooi^;i/(o. 1 ^ 1 ^;!/ ( 1 
0 o^;i/%) . »^u<tio. 0 0 0 1-0. y^rju, 
$ <E>t::»^i-< tio. 0 0 1—0. s=e)immx^D. 

0. 0 0 0 5 — 0. 5^;V (^J^ti. 0. 0 0 5 — 0. 

5^;^) umx$>^m'^f)^^^^. mmm(Dm:^^m 

6bM«icof»J'&ti> S Ffb^^^l^^'l't^MbT, 
W5afii^JiT'^-:>T. 0. m?L\t. 0. 0 

0 1-0. l^Jl/. »^b<(^0. 005-0. 08^: 

)V. ^^\zn^v<\^o. 0 1-0. 0 7^;vgS) X 

[0 0 3 2] ^^DTt^U^Xtl-^cOJ^^Kjtta^iibT^ 
m^^m-^. 1 0 0MMgB{'*fLT0. 1-25S 

»SK. iFf^L<tiO. 5 — 10SSgB> $^tCjif^L< 
tii-sMfiSBSa^-r^^o 

[0 0 3 3] ccDJ:^7^j:^^t:ttia^^Wffi-r^^> ^fbtS 

x<M^m^mxmitx^. Witv-r^x-^;uSico^^l: 
mxu^ xx7";i/^.. 

[0 0 3 4] [SK] Sg<hLTc7)#jfHx-^;V^ti. 

IIi^x-^;v. m^x.-^)], (^^3?S®^tt^t^x-T- 

^:^^4^{c1sm<ox-5^;^fe^^^LTt^T^>^l>o 
[0 0 3 5] T^cC^s. 3S«x-5r;i^coe)-^#^S:^ttSt^ 
x-T-;i/ti. (1) T^^$ti^-f 5 Hfb^^^-r 

[0 0 3 61 mfBfI«x-v";upj3t^. TfB^ 

R'^-O-R^*" (2) 

R8 -O-R^ (3) 

(^cfj^ R8 7jl/^x;US^, R^ t^i> 

^n7;u+;us. 7U-;uS=^^T) T«*o$n^x- 
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[0 0 3 7] Hflta^ (2) , (3) (7)X-5^;!/^tC4ol/i 

T, 7)i^)i&hi.xit. mm^xu^mmo:>ci-,, 

T)V^)Vm (p^^;US> x^;i.S. yntf;i/S, <vy 

^>^ji/S. ^:^s/;i/a, :t^^)imf^ 

^) . tif^L<\tCi-ioT)\^^)]^&f)m7J^X^^. 7)1 

x;us [ex;i.S. i-^a^-jim. z-ya^njl 
10 s (TU;i/S) . Sf^b<tiC2-ioz;i'^x;us 

w^T^^o T u— t bTt^. m?LU. y:t.-)i 
h'iJi/S^ -f-'y^jim. ^>z^)vm. ^>xbH>j 
;^a. ;^>:^s;^». ^v5^;us. ^'nix 

^i-x^ji/S. r7aixi/>a, x5^u;va, 

it? [0 0 3 8] tsffi^ (2) -e^^:>$n^x— T-;i.^.<hL 
Tt^. i^^5";i/x-5^;b, ■xx5f;1/x-5^;v. 

f/:7'n t:;i/x-5^;^, >?-r v^d t:;i/x— 
;wx— i^-r y :/5^;i'X— T^;!/. >^^>5^;bx— ^ 
i/-r v^>^>'l^x— v^-x^^i/ji/x— iy 

^ L < t^s^ c 1 - 1 0 y)V=¥JVx.'-^)i) ; u ;i/x— ^ 

;V/ci:<^c7)S?C2-i5T;!/^x;l'X— ^jV (»^b< t^>^*c 
2-10 t;1/^x;1/x— 5^;!/) ; x^;Wp<^;I/x— 2 
h^>'yn/^>. ;^5^;wy^;ux— 2-pCh 
30 ^->y*^>. 2 -p^ h^~>^>^>. i-xl-^>':/n 
2 -X N^f>>^D/^>. 1 -X h^>^>^:$'>. 2 
-XK^>'y'^>. 1 -X h=^>^^>^>. 2-xh4^ 

Ci-i5T;i'^;i/x-^;v (»^b<fiR^^ iiR'' 

ts:^Ci-ioT)l^)lCi-io7)V^JlX.'-5^)l) ; t:x;i/ 

'^rx;i/C2-i5T;i/^x;i.x-^;v (»^b< tlR'* ^R 

;u) ; ^^;i't:x;i/x— ^5^;i/7 u;i/x-5";i/. 
40 x^;i/y u;ux— xh^->x^i/>, 3-xh4^ 

-7^;i/ (W^b< tiCi-io t;1/^;1/C2-io7;1'^x;1/x 

[0 0 3 9] MieiC (3) -e^:b$n^X"^;l/|i(h L 

T^^D h';i/ t:;vx— i/^ n tf ^'^^"^l-x- 

tf;l/X— ^jl/, v-^ ny5^;i/y5^jl/x— S/^o^ 
>^jwx^;ux— v-^ D^>5';uyn b:;i/x— 5^ 



(7) 
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3-10 iy^ayj\,:^jlx.—^)l) ; y OJi^zy^ d^4^>;u 
X " /j: c7) c 2 - 1 5 y ;b <Sr X c 3 - 1 s ^ D 7 ;b 4^ ;p 

Jl/+;Ux-5^;i.) ; :<^j\,y (y-y — 
>iU) . x-5"ju:7jcx;i.x-5^;U (:7a:^l — ;u) . 
t';i^:7xxjwx--7^;U, ^>>^;b;<5^;i.x— ^> 
i;;i.x-^;i.x-5"jk ^>f/;uyD e;ux-^;k 
h-ji. ±y^)i;^^jijL—^ji^ :^:75";^x5";^x— 
7^;b. h u JiJi'^ji^x.—y^jits, E(D c 1 - 1 5 7 >ii/^ ;i/7 u 
-;i.x— •7^;u (J? ^ L < JSC, - 1 0 u — ;i/x— 

T-JP) ; T^))Vy:iL-}V:yi'-^)VUE(DCz^,^y}V^- 
)Vy 'J ~;i.x-5";i. (j? ^ l < \tC2-, 0 7;i.^x;i.t »j 

[0 0 4 0] SulB^ (2) Xfri (3) T^^^n 

^X— xJbtCti. 1, 2 -i^^ h4^>'X^>. £/X^l/ 

>yu=»-;i/S^^5^;Ux— 3, 

1, 1' - (X5'U'>>f:t4^>') S^^>-tf >/j:^'(7) 

[0 0 4 1] ^t^x-^;L.^^:ts, ^4^^igCD4» ^3X- 
■x;^*£^^^mt:^^^^^.Hi. «g^^x-^;ufcM^$ 
ti^t>(^TJS?^j:<, ^SJ^^^^rt-'5x-a-jU^{::, ^ 

[^mm^m (yo-jim) . mmmu^] ^m^Lx 

[0 0 4 2] ^ttx-5-;i.^cOX-^;i.^^LTfi. 3 
--3 0^^ m^i^i. 3-3 Ofi^) . <Ff^L<{13- 
1 6nm. i^lC3~ 1 6fl^ («fiJAtf. 4-^1 Oft^) 
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